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* NOTICES * 

JPO and NCIPX are not responsible for any 
damages caused by the use of this translation. 

l .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The melting Zn-Sn system plating steel plate excellent in the corrosion resistance 
characterized by having a melting Zn-Sn plating layer on a steel plate front face, and a plating layer 
presentation containing Sn less than 1 to 50% in addition to Zn. 

[Claim 2] The melting Zn-Sn system plating steel plate excellent in the corrosion resistance 
characterized by having a melting Zn-Sn plating layer on a steel plate front face, and a plating layer 
presentation containing Sn less than 1 to 40% in addition to Zn. 

[Claim 3] The melting Zn-Sn system plating steel plate excellent in the corrosion resistance according to 
claim 1 or 2 characterized by containing Cr: 1-25% in steel. 

[Claim 4] For the average of plating coating weight, one side 25- 100 g/m2, and standard deviation are 
4 g/m2. Melting Zn-Sn system plating steel plate excellent in the corrosion resistance according to claim 
1 to 3 characterized by being the following. 

[Claim 5] The melting Zn-Sn system plating steel plate excellent in the corrosion resistance according to 
claim 1 to 4 characterized by the presentation of a plating layer containing one sort (Mg:0.2-8% and 
aluminum:0.02-5%) or two sorts in addition to Zn and Sn. 

[Claim 6] The melting Zn-Sn system plating steel plate excellent in the corrosion resistance according to 
claim 1 to5 characterized by containing one sort (calcium:0. 1-5% and Li :0. 1-5%) or two sorts further in 
a plating layer. 

[Claim 7] The melting Zn-Sn system plating steel plate excellent in the corrosion resistance according to 
claim 1 to 6 characterized by having a plating layer and the pre plating layer which contains nickel, Co, 
Fe, Cr, Sn, Zn, and Cu in the interface of a steel plate. 

[Claim 8] The melting Zn-Sn system plating steel plate excellent in the corrosion resistance according to 
claim 1 to 7 characterized by having an after-treatment coat on the maximum front face of a plating 
layer. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use ot this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the suitable surface treated steel sheet for metal 
building materials, such as rust-proofmg material for automobile car bodies, and a roof, a wall, etc. 
especially about the surface treated steel sheet which has the outstanding corrosion resistance. 
[0002] 

[Description of the Prior Art] It is known well that Zn plating steel plate has the rust-proofmg nature to a 
steel plate from the sacrifice corrosion prevention ability to a steel plate (griddle). However, therefore it 
is easy to generate white rust, and the potential difference with a steel plate also has it beyond the need, 
and it is not enough for long-term rust-proofmg nature. On the other hand, Sn plating steel plate is 
mainly widely used in the food can and the drink can application from the outstanding corrosion 
resistance which Sn has, and workability. However, under the usual environment where oxygen exists, 
Sn does not have the operation which carries out the sacrifice corrosion prevention of the steel plate, and 
has the fault that the corrosion from a ferrite tends to advance. In order to compensate this, the Sn-Zn 
plating steel plate which added Zn 20 to 40% is mainly used in the post-plating field to electronic parts, 
autoparts, etc. (JP,6-1 16749, A). However, it is based on electroplating until now, and since 
electroplating of Sn had low current density, high coating weight was difficult at the reasons of cost and 
productivity. 

[0003] On the other hand, this invention persons did the knowledge of having the property this Sn-Zn 
plating steel plate excelled [ property ] in the motor fuel tank application, and have indicated the melting 
Sn-Zn plating steel plate which sets the diameter of a coagulation pattern (spangle) to 20mm or less in 
Japanese Patent Application No. No. 132995 [ seven to ] as a rust-proofmg steel plate for fuel tanks 
which was excellent in workability and corrosion resistance especially in the melting Sn-Zn plating steel 
plate which controlled the plating organization in Japanese Patent Application No. No. 69087 [ seven 
to ] etc. 
[0004] 

[Problem(s) to be Solved by the Invention] The above mentioned melting Sn-Zn plating steel plate is the 
the best for the fuel tank application of which it has the corrosion resistance which surely was excellent, 
workability, and weldability, and is processed into a complicated configuration, and inside-and-outside 
side corrosion resistance is required. However, amelioration was required for an application which 
requires the chemical conversion nature and about the same continuous-welding nature as Zn plating 
which were excellent like an automobile car body, or the application which dislikes rust generating of a 
steel plate amputation stump side for a building-materials application like a roof and a wall. 
[0005] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, this 
invention persons do the knowledge of examination and corrosion resistance improving further in 
combination with the steel component of a steel plate about the optimal presentation of Zn and Sn which 
is a plating layer metal, and result in this invention. That is, if Zn content which is a plating lamination 



h c g eg b eb eg e e 



Page 2 of 7 



metal exceeds 50% of a plating layer, the outstanding phosphate processing (chemical conversion) 
nature required for automobile car-body steel materials will be demonstrated. Moreover, from a steel 
plate, plating layer potential is also ** and demonstrates a sacrifice corrosion prevention operation to a 
steel plate. Furthermore, while the corrosion resistance of the steel plate itself improves by adding Cr to 
a steel plate, although it is hot dipping therefore, the minute amount thermal diffusion in [ Cr ] steel 
happens into a plating layer. Thereby, much more improvement in plating layer corrosion resistance is 
obtained. This operation is convenient also when using this steel plate for the building materials of a 
roof and a wall. That is, while avoiding rust generating from an amputation stump side according to a 
sacrifice corrosion prevention operation of a plating layer, compared with a Zn independent plating 
layer, long-term edge-proof creep nature is also secured by the outstanding corrosion-resistant 
improvement in corrosion resistance and the steel plate itself 

[0006] Hereafter, this invention is explained to a detail. Zn in a plating layer is added for grant of the 
sacrifice corrosion prevention operation to a steel plate, and although based also on the environment 
exposed, plating layer potential is led to ** rather than a steel plate at several % or more. However, in 
little Zn addition, since a sacrifice corrosion prevention operation will be lost at an early stage if Zn 
finishes being eluted, a certain amount of Zn content is required, and, thereby, the period of sacrifice 
corrosion prevention becomes that much long. When using the Zn-Sn plating steel plate which is this 
steel plate for an automobile car body, as an important element, there is phosphate processability 
performed as paint pretreatment besides the nakedness corrosion resistance (non-painted corrosion 
resistance) which needs the corrosion resistance of a plating layer. If phosphate processability is not 
enough, the paint film adhesion after the lack of an electrodeposted workmanship appearance or middle- 
coat + finishing performed after that will become unstable. The outstanding coating is developed 
variously recently, and although like [ before / that it is hard to be influenced of phosphate processability 
as it has become ], formation of a healthy phosphate processing coat is certain [ it ] that they are coating 
adhesion and an element important for the corrosion-resistant reservation after paint. When Zn exceeded 
50% in the experiment of this invention persons, it turned out that a healthy phosphate coat is formed. 
[0007] On the other hand, although it is rust proofing of a building-materials end face, rust generating 
which is easy to give an impression that it has truly corroded from appearance tends to be disliked. 
Although the hot-dip zinc-coated carbon steel sheet which is Zn generates white rust 100%, it is hard to 
generate rust. Only by Zn, since the rate of dissolution is quick, long-term rust proofing is not simply 
expectable. This invention is controlling the property and plating layer rate of dissolution of Zn, and has 
the end-face corrosion resistance which was excellent also in Zn independent twist. As mentioned 
above, the amount of Sn in a plating layer is limited to less than 1 - 50%. It is less than 1 - 40% 
desirably. 

[0008] Moreover, in case this steel plate is used for various applications, resistance welding, such as 
spot welding, is carried out. At this time, in order that Cu of an electrode, a plating metal, especially Sn 
may tend to form a compound, the coating weight of plating influences weldability greatiy. Moreover, 
naturally the effect on corrosion resistance of plating coating weight is also large. Advantageous in 
respect of corrosion resistance, although it works disadvantageous^ in respect of weldability, the effect 
of coating weight variation is so large tiiat coating weight is large especially. Namely, although one side 
20-100g/m2 (it selects according to an application) is suitable for the balance of weldability and 
corrosion resistance to coating weight, it makes variation standard deviation, and it is 4g/m2. 
Stabilization of corrosion resistance or weldabiUty is aimed at by considering as the following. Although 
the gas wiping method is usually used, the effect on coating weight variation has the largest 
BATATSUKI of the plate at this time, for example, coating weight control is possible for reducing 
coating weight variation by stopping BATATSUKI of a plate with a support roll, an electromagnet, etc. 
under bath. 

[0009] This Zn-Sn plating steel plate has the beautiful gloss appearance, and is promising also as metal 
building materials. In that case, the endurance over a long period of time is required. Cr addition into 
steel is effective and rust generating can be notably controlled by effectiveness showing up and adding 
3% or more by adding Cr 1% or more. For this reason, it is desirable to add Cr 3% or more to the 
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application of which long-term corrosion resistance is required. If Cr is added, naturally cost will go up 
and workability will also be checked. As for the addition of such semantics to Cr, it is desirable that it is 
25% or less. Moreover, the application of IF steel which was excellent in workability to the application 
of which advanced workabiUty is required is desirable, and in order to secure the welding airtightness 
after welding, fabricating nature, etc. further, the steel plate which added several ppm B is desirable. To 
the application of which especi^ly workability is not required, application of low-carbon steel is 
desirable. 

[0010] Next, although a plating layer uses Zn and Sn as the base, otherwise, addition of Mg is desirable 
[ a layer ] from the semantics of corrosion resistance. A compound called Mg2 Sn is formed the inside 
Sn of a plating layer, this carries out the priority dissolution in corrosive environment, Mg system coat 
covers a plating layer and a ferrite, and Mg shows the corrosion prevention effectiveness. Since it 
increases several times from Sn and Zn as atomic concentration even when it is little in weight %, since 
Mg is a light element, effectiveness is comparatively demonstrated from small quantity. Corrosion 
resistance improves so that corrosion resistance improves and it adds by 0.2% or more of addition, but 
since melting temperature also rises on the other hand, as for an upper limit, considering as 8% is 
desirable. Furthermore, a certain thing is known and, as for Mg, the stabilization effect of Zn system 
corrosion product also demonstrates effectiveness to corrosion-resistant improvement together with the 
above-mentioned operation. 

[001 1] Mg is an element with very strong compatibility with oxygen, if it adds Mg to Zn-Sn, intense 
oxidation of Mg takes place by the bath surface, operation nature falls sharply, and hot dipping is 
impossible for it as a matter of fact. However, aluminum is effective in oxidation control of Mg, and 
operation nature is improved by adding aluminum which is about [ of the amount of Mg ] 1/10. 
Therefore, when adding Mg, aluminum shall also be added to coincidence, aluminum is effective also in 
oxidation control of Sn and Zn itself, and also when not adding Mg, a plating appearance is improved by 
adding aluminum. In order to demonstrate such an operation, as for aluminum, it is desirable that it is 
0.02 - 5%. An upper limit is defined by melting temperature from the effectiveness as opposed to 
oxidation control in a minimum. 

[0012] There are calcium and Li as an element which has the same operation as Mg. Sn and the 
compound which is easy to dissolve are formed, calcium and Li which were dissolved form a coat and 
these also have the corrosion prevention effectiveness. Therefore, it is also possible to also add these 
elements and for it to be effective for corrosion-resistant improvement, and to add 0.1 to 5%, 
respectively. An upper limit is defined by melting temperature from the effectiveness as opposed to 
corrosion resistance in the minimum of these element concentration. Each of these is elements with 
strong compatibility with oxygen, and aluminum is effective in the oxidation control too. There may be 
Fe of a minute amount as an impurity element of a plating layer. Moreover, Mg, aluminum, a misch 
metal, Sb, etc. may be added if needed, 

[0013] Naturally it is also possible to galvanize directly to a steel plate on the occasion of plating, and it 
is also possible to perform pre plating processing before plating. Pre plating is performed in order to 
raise plating nature, and it may have a metal containing nickel, Co, Fe, Cr, Sn, Zn, Cu, or these. 
Although thickness is usually about 0. 1 micrometers, it is not limited specially, as the hot-dipping 
approach - large - flux growth and ZENJIMA - although there may be law, it is possible at both of the 
manufacturing methods, general - the thing with high productivity - ZENJIMA — it is law and 
manufacture by this approach is more desirable, 

[0014] Next, as an after-treatment coat after plating, there is a chromate film etc. and properties, such as 
corrosion resistance, weldability, and corrosion resistance after paint, are influenced. Although a 
chromate film is the thing excellent in corrosion resistance and paintwork and has so far been used 
abundantly, Cr6+ is harmful to the body and many after-treatment coats for which this is substituted are 
also devised in recent years. It is also possible to apply these after-treatment coat in this invention. As an 
after-treatment coat, a non clo coat is desirable, for example, a silane coupling agent-phenol resin- 
phosphoric-acid system coat etc. is possible. 
[0015] Next, an example explains this invention to a detail further. 
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(Example] (Example 1) After ingoting the steel of the component shown in Table 1 by the usual 
converter-vacuum-degassing processing and considering as slab, hot rolling, cold rolling, and a 
continuous-annealing process were performed on condition that usual, and the annealing steel plate 
(0.8mm of board thiclaiess) was obtained. It is nickel plating at a Watts bath to this steel plate 1 g/m2 
After giving, Zn-Sn plating was performed with flux growth. Flux is ZnC12. It was used having carried 
out roll coating of the water solution, and the presentation of Sn was changed among 0 - 60%. Bath 
temperature considers as 280-320 degrees C, and is plating coating weight by air wiping after plating 
One side 50 g/m2 It adjusted. These engine performance was evaluated. The evaluation approach at this 
time was based on the approach described below. Plating conditions and a performance-evaluation result 
are shown in Table 2. 
[0016] 
[Table 1] 
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[0017] (1) PB[ by chemical conversion nature ** phosphating nature Nihon Parkerizing Co., Ltd. ]-3020 
processing was performed, and the existence of the chemical film nonuniformity after processing was 
observed. 
[Valuation basis] 

O : — formation ~ appearance-nonuniformity-less **: — small — x:nonuniformity size with 
nonuniformity ~ formation — those with partial which are not generating a crystal [0018] (2) JIS after 
putting in a cross-cut crack by the cutter to a sample with a dimension of 70x1 50mm which painted the 
cation mold electrodeposition paint U-80 by Nippon Paint Co., Ltd. by 20 micrometers of thickness after 
performing phosphate chemical conversion stated by the corrosion-resistant evaluation ** salt damage 
corrosion resistance above Z The salt spray test based on 2371 was performed on the 35th, and paint 
film bulging (the single-sided maximum bulging) from the crack section was measured. 
[Valuation basis] 

O : ~ the 1mm [ of paint film bulging ] or less 0:paint film bulging 1 — < ~ blistering ~ 
<=2.5mm**:paint film bulging 2.5 ~ < ~ bhstering - 4mm ** of <==4mmx:paint film bulging [0019] (3) 
Spot welding was performed by the welding condition shown under weldability, and the number of 
continuation RBIs of the time of the diameter of a nugget cutting 4 roott (t: board thickness) was 
evaluated. 

[Welding condition] 

welding current: - 95% welding pressure of a Chile generating current : 200kg weld-time: ~ 12 cycle 
electrode: — a dome mold, tip 6phi-40R, and product made from chromium copper [a valuation basis] 
O : less than 400 400-750 750 continuation RBI ** **:RBI [ continuation ]x: continuation RBIs [0020] 
(4) The workability oil pressure shaping testing machine performed cup molding with the contraction 
ratio 2.20 using cylinder punch with a diameter of 50mm. Oiling of the trial was carried out, it was 
performed and the Siwa prevention force was set to 1000kg. Evaluation of workability was based on the 
following index. 
[Valuation basis] 

O : ~ abnormalities-less **: - plating - those with x:plating exfoliation with a crack [0021] 
[Table 2] 
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[0022] The result of having mainly evaluated many properties in an automobile car-body appUcation is 
shown in Table 2. Zn gives sacrifice corrosion prevention ability to a plating layer, and controls iron 
rust. Like No. 14, by the system with little content of Zn, phosphate processability is poor and, as a 
result, paint film bulging of paint material also has it. [ large ] Moreover, in order that Sn may react with 
the welding electrode Cu, welding RBI nature is also inferior. Paint film bulging serves as an increasing 
inclination, so that there are many amounts of Zn, and as for paint film bulging, neither in 32% (No.3) 
nor 45% (No.4), Sn can happen easily. However, many (No.3) and phosphate processability fall [ Sn ]. 
Moreover, like No. 15, probably because phosphate coat generation is poor at 45%, paint film bulging 
also has large Zn, and corrosion resistance is falling. Although No.9, and 1 1 and 12 are the systems 
which added Mg, calcium, and Li, although there are many amounts of Zn, good corrosion resistance is 
shown by the effectiveness of these alloying elements. It can check that corrosion resistance improves 
by adding Cr in steel as No.6, as shown in 7. 

[0023] (Example 2) After ingoting the steel of the component shown in Table 3 by the usual converter- 
vacuum-degassing processing and considering as slab, hot rolling, cold rolling, and a continuous- 
annealing process were performed on condition that usual, and the annealing steel plate (08mm of board 
thickness) was obtained. It is nickel plating at a Watts bath to this steel plate 1 g/m2 After giving, Zn-Sn 
plating was performed with flux growth. Flux is ZnC12. It was used having carried out roll coating of the 
water solution, and the presentation of Zn was made into 82%. Bath temperature considers as 280 
degrees C, and is plating coating weight by air wiping after plating One side 70 g/m2 It adjusted. The 
lower appraisal method estimated the obtained Zn-Sn plating steel plate. An evaluation result is 
summarized in Table 4. That is, the evaluation result in a building-materials application is shown in this 
table 4. Each salt damage corrosion resistance is excellent. Moreover, by using Cr content steel as a base 
by Zn, although end-face rust-proofing nature is also good, rust generating of an edge surface part is 
controlled further, and synthetically high corrosion resistance is shown. 
[0024] 
[Table 3] 
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[0025] 
[Table 4] 
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[0026] (1) corrosion-resistant evaluation ** salt damage corrosion resistance Nihon Parkerizing Co., 
Ltd. make - JISZ after putting in a cross-cut crack by the cutter to a sample with a dimension of 
70x1 50mm which painted the cation mold electrodeposition paint U-80 by Nippon Paint Co., Ltd. by 20 
micrometers of thickness after carrying out phosphate processing PB-3020 The salt spray test based on 
2371 was performed on the 35th, and paint film bulging (the single-sided maximum bulging) from the 
crack section was measured. 
[Valuation basis] 

O : ~ the 1mm [ of paint film bulging ] or less 0:paint film bulging 1 ~ < - blistering ~ 
<=2.5mm**:paint film bulging 2.5 - < - blistering ~ 4mm super-[ of <==4mmx:paint film bulging ] salt 
damage corrosion resistance [0027] (2) Paint was performed after the non clo system after treatment 
shown in the direct weathering test table 5. Paint was used as polyethylene wax content acrylic resin 
(clearance: 5 micrometers). It sheared in dimension of 50x200mm, and the direct weathering test was 
performed. The rust incidence rate from the end face after three-month progress and the surface 
discoloration situation were observed. [Valuation basis] 

O : - 80% ** of - 30% or more less than 70% [ of - 10% or more less than 30% / of less than 10% / of 
rust incidence rates / 0:rust incidence rates from an end face / **:rust incidence rates from an end face ] 
x:rust incidence rates from an end face from an end face [0028] 
[Table 5] 
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[0029] (Example 3) the steel of table 1 A of an example 1 - a cold-rolled plate - using it ~ ZENJIMA — 
Zn-18%Sn plating was performed by law. In NOF-RF type Rhine, annealing was performed so that 
attainment board temperature might become 820 degrees C, and the plate was cooled and it was 
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immersed to the bath so that invasion board temperature might become almost the same as bath 
temperature. Bath temperature could be 280 degrees C. Air wiping after plating adjusted various plating 
coating weight. At this tune, the support roll of a pair was put in into the bath, the pressing-down 
conditions of this roll were changed and the variation in plating coating weight was adjusted. Coating 
weight variation is 2 Im. The average and standard deviation were calculated by having carried out 
coating weight measurement of the ten points of arbitration with the fluorescent X-ray method from the 
plate. Moreover, the air-cooling method performed cooling. These engine performance was evaluated. 
The evaluation approach at this time is the same as an example 1. The performance-evaluation result in 
various coating weight is shown in Table 6. 
[0030] 
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[003 1] The effect of plating coating weight and the steel plate engine performance on the variation is 
shown in Table 6. If there is little coating weight, corrosion resistance runs short, and when coating 
weight increases, it is in the inclination for weldability to fall. If the variation in coating weight is large 
even if there is coating weight between them, it will become a little unstable at weldability. Therefore, 
the variation in coating weight is 4 g/m2 as standard deviation. It is desirable that it is the following. 
[0032] 

[Effect of the Invention] This invention offers the melting Zn-Sn system plating steel plate excellent in 
corrosion resistance. Zn-Sn system plating can use variously an automobile car body, building materials 
hke a roof and a wallplate, etc. for an application from the stable corrosion resistance, workability, etc. 
Moreover, the further corrosion-resistant improvement is possible by adding Cr to a steel plate. It is the 
ingredient which may be widely used for the area and member of which corrosion resistance is required 
by this. 

[Translation done.] 
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